Introduction
Thoracic aortic aneurysm (TAA) may be defined as a localized or diffuse dilatation of the aorta to at least 1.5 times its normal calibre and may affect the aortic root, ascending aorta, aortic arch or descending aorta. In aortic dissection, blood is diverted from its usual location within the lumen of the aorta, into a false lumen within the media through a tear in the intima. Together these pathologies represent the principle thoracic aortic diseases however little is currently known about their respective burden on healthcare systems globally for example trends in mortality.
Recent reports have suggested an increase in the prevalence of thoracic aortic disease in Differences in mortality from thoracic aortic diseases are likely to exist between nations, however, current knowledge is limited to a few isolated reports from individual countries. As with abdominal aortic aneurysms (AAA), these differences in mortality may be secondary to variations in traditional cardiovascular risk factors 4 . This study examined trends in mortality from AD and TAA and aimed to identify any associations with trends in established cardiovascular risk factors. h hor or orac ac cic ic i a aor or orti ti tic c di di ise e eas ase e e h ha had d in n ncr crea ea ease se sed d. d. D D Des es espi pi pit t te t t thi hi h s s s, t to tota ta al mo mo mort rtal al alit ity y y fr fr from om om th ho hora ra aci ci ic c c ao ao ort rt rtic d dis is sea eas s se i in n he UK had d dec ec ecli li l ne ne ned d d in in n t the e e s sam am ame e e ti ti t me me m p p per er erio io iod d d an an and d d th th his is is d dec ec ecli li line ne ne h h has as as n n not ot o b b bee ee een n n re re r po po port rt rted ed ed e e els l ewhere.
Methods

Identification of mortality rates
Institutional review board approval was obtained for this study. Age, gender and cause specific mortality are made available by the World Health Organisation (WHO) who classify cause of death according to the International Classification of Diseases, 10th Revision (ICD-10).
Information relating to the ICD-10 codes I71.0, I71.1, I71.2, I71.8, and I71.9 which represent dissection of aorta (any part), thoracic aortic aneurysms, ruptured or otherwise, and aortic aneurysms of unspecified site (ruptured or otherwise) were extracted on 07/11/2013. Aneurysms of unspecified site were included within this analysis to ensure that all lesions involving TAA were captured in the analyses. No age restrictions were placed and all available data was extracted for analysis. The availability of mortality data for each year varied between countries (range 1994-2010) however the WHO mortality database is the largest validated international mortality dataset. The methods used for conversion of deaths in age-standardized rates of mortality (ASM) have been previously published 4 . This standard population reflects the average male and female age structure of regions including Europe, Northern America, Australia/New Zealand and Japan from 1950-2010. Th Th This is s s sta ta tand nd dar ar a d d d po po popu pu pula lat ti tio on n n re re efl flec ec ects ts ts th h he a ave vera rage ge g male and fem mal al a e e e ag ag age e e st st s ru ru ruct t tur ur ure e e of of of r r reg eg gio ions ns n i i inc nc ncl lud ud udin in ng g g Eu Eu E ro ro ope pe pe, , , No No Nort rt rthe he hern rn rn A A Ame me meri ri rica ca a, , , Au Au Aust st stra ra r lia/New percentage of the population who currently smoke cigarettes or any tobacco products). The definition of smokers used included those who smoke either cigarettes only or cigarettes and other products (pipe, cigars, etc.). Estimates were presented to the nearest whole number and only countries where gender specific data on smoking prevalence was available were included into this study. Data on mean total cholesterol (mmol/l), mean fasting blood glucose (mmol/l), mean body mass index (Kg/m 2 ) were extracted for the years 1980-2010 whilst data on mean systolic blood pressure (mmHg) were extracted for the years 1995-2010 from the WHO InfoBase 6 on 01/09/2012. Each risk factor was presented as an age standardised estimate in each defined population in both males and females.
Risk Factor Data
Countries included
Only WHO member states with a national data completeness rate of 70-100% were included into the study 8 (Supplemental Figure 1) . Those countries with adequate data completeness were then analysed to ensure that they specifically had adequate data (More than 90% completeness) relating to the ICD codes I71.0, I71.1, I71.2, I71.8, and I71.9 for each year. The IMASS database and the WHO Infobase were then interrogated to ensure availability of appropriate risk factor data for each country with adequate national and ICD 171 data. Utilising these criteria, eighteen countries were included into this study: Australia, Austria, Canada, Denmark, Finland, France, Germany, Hungary, Israel, Japan, The Netherlands, New Zealand, Norway, Romania, Spain, Sweden, UK and USA.
Statistics
Men and women were analysed separately. Risk factor data including mean total cholesterol; mean fasting blood glucose; mean body mass index; mean systolic blood pressure and prevalence of smoking were plotted over all available time points from which slopes of the
Countries included
Only WHO member states with a national data completeness rate of 70-100% were included into h he e st st stud ud udy y 8 8 8 ( ( (Su Su Supp p ple le leme m ntal Figure 1 ). Those cou u un nt ntr ri ies with adequa ua ate d dat at ata a a completeness were h h hen n n analysed d to to en ns nsur ur re th th that at at t t the he h y y sp sp spec ec e i i ifi ic cally ly y h h had ad dequ qu qua at ate e da da ata ta ( (M Mo More e th ha han n 90 90 90% % co co c mp mp mple ete t tene ne ess ss s) The data were analysed by a linear errors-in-variables regression (Supplemental file 1).
The standard errors of variables such as the rate of change in smoking prevalence with time were calculated separately from the data for each country and then those standard errors were treated as known when fitting the regression model. The models were fitted by maximum likelihood using the ml command in Stata12 (StataCorp, TX, USA). Significance was assessed using likelihood ratio tests. Age standardised total (male and female) deaths per year were calculated for each country in both TAA and AD. The peak age at which mortality occurred was calculated for the years 2001 and 2009 and compared. The proportion of age standardised mortality occurring over the age of 75 was compared between years.
Results
Trends in risk factors
Temporal trends in mean total cholesterol, mean fasting blood glucose, mean body mass index, 
Trends in mortality from TAA
This study demonstrates a substantial amount of variability in age standardised mortality from TAA in both males and females (Figure 1 ). Mortality appears to be generally declining in both males and females with the sharpest declines observed in Canada (9.5%), Netherlands (9.7%) in males, and Australia (7.0%) and the UK (5.5%) in females. Mortality is however not on the decline globally as evidenced by increases in age standardised TAA mortality in Denmark (2.4%), Hungary (2.1%), Japan (0.5%) and Romania (1.3%) in males and additionally Austria in females. In Austria a decline was noted in male age standardised mortality with an increase in females suggesting that differences exist between genders in some countries, however that in general males and females demonstrated trends in the same direction.
The most common age range (Table 1) 
Trends in mortality from aortic dissection
Age standardised mortality from aortic dissection also demonstrates variability however is males, and Australia (7.0%) and the UK (5.5%) in females. Mortality is however er not ot o o o on n n th th the e e decline globally as evidenced by increases in age standardised TAA mortality in Denmark declining in most countries (Figure 2 ). The sharpest declines in male mortality were observed in Austria (6.5%) and New Zealand (4.8%) with increases seen in Japan (4.2%) and Romania (0.8%). Mortality from aortic dissection demonstrates more heterogeneity in females compared to males, with the largest declines seen in Israel (10.4%) and Austria (5.7), whilst increases were observed in Japan (5.3%), Netherlands (2.5%), Romania (1.1%) and Spain (1.1%).
The most common age range ( Table 2 ) at which mortality occurred from aortic dissection in 2001 was 65-69 years however variation existed. In the UK and Canada, peak age at mortality was above 80 years whilst in Hungary it was 65-69. By 2009 the most common age range at which mortality occurred had increased to 70-74. Eleven of the countries included demonstrated an increase in the proportion of age standardised deaths occurring above the age of 75.
The association of trends in TAA mortality to trends in risk factors
Regression analysis suggests that trends in systolic blood pressure ( 
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The association of trends in aortic dissection mortality to trends in risk factors
Regression analysis suggests that trends in systolic blood pressure (Figure 7a , P=0.048) are positively and significantly associated with trends in male age standardised mortality from AD.
No association was demonstrated with cholesterol levels (Supplemental 
Discussion
This ecological regression represents the largest population level analysis of mortality from TAA and AD and confirms that mortality secondary to these pathologies are generally on the decline.
This decline was however, not equal between countries, gender or age groups and some countries demonstrate increases in mortality. Analysis of variations in common cardiovascular risk factors suggests that the heterogeneity in mortality between countries may be secondary to trends in population blood cholesterol levels, systolic blood pressure and body mass index Male and female mortality from TAA is generally on the decline however large differences are noted. Japan, Romania, Denmark and Hungary demonstrate increasing mortality in both males and females whilst the sharpest declines were seen in Canada and the UK (male and female). Furthermore, within country variations were observed between males and females.
For aortic dissection, mortality is generally on the decline however whilst increases were only seen in two countries in males, they were seen in five countries for females.
These differences may reflect differences in risk factor exposure for example differences in serum cholesterol concentrations across populations and over time. A recent population based systematic analysis of worldwide mean total cholesterol levels 9 highlighted differences in cholesterol levels between genders and demonstrated opposite trends in Australasia, North
America, and Europe, where serum total cholesterol decreased from high concentrations, compared to East and Southeast Asia and the Pacific, where it rose from low concentrations. It may be expected that geopolitically close countries for examples Denmark and Sweden would demonstrate similar trends in mortality however this was not the case. The results of this study suggest that these differences may be secondary to risk factor exposure for example the most recent WHO Report on the Global Tobacco Epidemic (2013) 10 suggests that Denmark has a current smoking prevalence of 20% whilst Sweden's smoking prevalence is 11%. Current mean total cholesterol levels 6 are 5.5 and 5.4mmol in men and women respectively in Denmark and 5.2mmol, 5.0mmol respectively in Sweden therefore real differences appear to exist.
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In this study Japan demonstrated increases in both TAA and AD mortality. Another population based analysis 11 of health examination and epidemiological studies revealed that in high income regions, males and females in Western Europe had the highest mean systolic blood pressures and that differences existed between genders. Although these geographical and gender differences in risk factor exposure correlate with trends in TAA and AD mortality, It is also known that sexual dimorphism exists amongst a number of cardiovascular diseases 12 therefore the differences observed in this study could be partly explained by differences in the pathophysiology of TAA and aortic dissections between males and females.
The lack of any association between trends in smoking prevalence and mortality from TAA adds to evidence that the aorta is a heterogeneous structure with varying influences above and below the diaphragm 13 . Smoking is the main modifiable risk factor that has been associated with the development, expansion 14, 15 and rupture of AAA 16 however no such association has been proven for TAA. Atherosclerosis has been shown to affect the aorta differently above and below the diaphragm with the thoracic aorta appearing more resistant to plaque formation compared to the abdominal aorta. Some have attributed these observations to differences in flow and shear stress 17 however differences have also been noted in the level of proteases and immune mediators 13 therefore genetic differences may exist. The association of these mortalities with changes in body mass index is similar to that demonstrated previously for AAA however should be interpreted with caution.
These results do not exclude the possibility of extrinsic factors influencing population trends in mortality for example antihypertensive and lipid lowering medication, however, these medications would affect population distributions of each relevant risk factor. In addition to lowering cholesterol levels Statins may reduce TAA growth rate 18 and the proportion of TAA TAA adds to evidence that the aorta is a heterogeneous structure with varying inf nf flu luen e e ce ce c s s s ab ab abov ov o e and below the diaphragm 13 . Smoking is the main modifiable risk factor that has been associated k wi with th h t t the he he d d dev ev evel e e op pm me ment n , expansion 14, 15 and rupture re re o of f AAA 16 howev ev e er n n no o o su s ch association has b be een n en proven fo for r TA TA AA A. A At At Ath he hero ro rosc scle le ero ro osi sis s h h has be be been s sh show own n n to to a a af ff fec ect t t th h he e ao ao ort ta a di di diff ff ffer eren en ntl tl ly y y a ab a o ov ove e an n nd be elo lo low w w th th t e e di di dia ap aphr hr rag g gm m wi wi ith th the he he t t tho ho hora ra raci cic c c ao ao aort rt rta a a a a app pp ppe e ear ri ring ng g m m mor or ore re re resi si ist t tan an ant t t t to p p pla la aqu qu que e e fo fo orm rm rmat at tio o on n a a a compared to o th th the e e ab ab abdo do d mi mi mina a al l l ao ao aort t ta. a. a. S Som om ome e e ha ha have ve ve a att tt t ri ri r bu bu bute te t d d th th thes es ese e e ob ob obse s s rv rv rvat at atio io ions ns ns t t to o di di diff ff ffer er eren en ences in flow w w One limitation of this study is the use of civil registration system mortality information from which completeness of data varies between countries although we did exclude countries with inadequate completeness of statistics and/or in availability of risk factor data. Furthermore, mortality from thoracic aneurysm and aortic dissection can be underestimated as undiagnosed or misdiagnosed cases causing sudden adult death may be missed unless autopsy is carried out.
Another limitation of this approach is the use of population level trends as individual patient data would be more accurate and informative. Population trends in mortality may be effected by a number of confounding variables and there is no way to correct for this with these types of data.
The regression of aggregate, country level data is a well-established method known as ecological regression, the main limitation of which is that it assumes findings from a group (or country), apply to an individual within that group which may not always be the case. This is termed the ecological fallacy. As individual patient level data is not currently available, ecological regression may be useful to make as much sense as possible from the available data. Another limitation of this model is that sensitivity analysis to check the stability of this analysis across age bands are not possible as although mortality data is available by age group, risk factor data is not. Some P values obtained through these analysis were close to significance and it is possible with inadequate completeness of statistics and/or in availability of risk factor dat ata a a. F F Fur r rth th ther er ermo mo m re r , , mortality from thoracic aneurysm and aortic dissection can be m underestimated as undiagnosed or mi misd sd sdia ia iag gn gnos os osed ed ed cas as se es es causing sudden adult death ma ma m y y be missed un n nle l ss s a a au ut utopsy is carried out.
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that with an improvement in data gathering over time, and therefore the possible inclusion of more countries, these results could be refined. 23 . Pooled early mortality with best medical therapy has been shown to be approximately 6.4% with up to 89% surviving to 5 years 23 . This mortality based data is therefore likely to represent a greater number of type A dissections. There are several heritable disorders that affect the thoracic aorta predisposing patients to both TAA and TAD however ICD-10 does not differentiate these from those secondary to atherosclerosis. The most common of these disorders are Marfans syndrome which has a prevalence of 2-3 per 10,000 individuals 24 and
Ehlers Danlos Syndrome which effects approximately 1:25,000 patients 25 therefore both are rare, however, may account for up to 20% of patients with TAA or TAD 26 .
Conclusion
This study provides evidence that mortality secondary to thoracic aortic aneurysm and aortic dissection are generally on the decline. This decline is however, not equal between countries, gender or age groups and this heterogeneity could be explained by population changes in blood cholesterol, systolic blood pressure and body mass index. Public health measures could further reduce mortality from thoracic aortic aneurysm and aortic dissection however smoking cessation may not play a similar role to that seen in other aneurysmal disease.
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Supplemental figure 5 -The association between trends mean fasting blood glucose and mortality from aortic dissection.
SUPPLEMENTAL MATERIAL 1
Errors in Variables Regression
A simple regression model of y on x can be expressed as,
where εi is a normally distributed random error with constant variance that represents all of the unmeasured sources of variation that make y deviate from its trend line. It is implicit in this model that x is measured without error.
In our analysis both x and y represent quantities estimated from annual data reported by each country. For example, x might be the annual increase or decrease in average blood pressure over a given time interval. These quantities are estimated with error and for each country we have both an estimate of x and of its standard error and similarly we have an estimate of y and its standard error. If μx and μy represent the true values of the quantities that are being estimated then we assume that
So it is the true levels of the quantities that are linearly related. Further we assume that the estimated value of x ~ N(μx,σx) where σx is the standard error and is assumed known.
Similarly y ~ N(μy,σy). We then assume that the estimates of x and y are independent since they come from different surveys. Finally we assume that the variation about the trend line, in excess of the measurement error in y, has a constant variance. This model is similar to that used by Pocock et al 1 (1981) and is an example of an error in variables model in which the variances of the errors in x and y are assumed known.
The model was fitted by maximum likelihood in Stata12 (StataCorp, TX) using the ml command. For the examples considered in this paper convergence of the Newton-Raphson algorithm was very quick. The significance of a particular x was tested by fitting the model described above and then fitting the same model but with β1=0. The models were compared in a likelihood ratio test.
